In an experiment on short-term memory in honeybees (Couvillon, Ferreira, & Bitterman, 2003) , free-flying foragers were trained individually to come to a laboratory window for sucrose solution. On each visit, the honeybee found a sample target, a circle of light that was green on some trials and violet on others, displayed on a computer monitor set into the deep shelf of the window. The sample target, which contained a small drop of sucrose solution, was turned off as soon as the bee landed and began to take the sucrose. After ingesting the sucrose, the subject chose between two new targets, green and violet lights that had been displayed on the monitor in the interim. One of the new targets contained a large drop of sucrose solution from which the subject fed to repletion; it then flew back to the hive, returning a few minutes later for another trial. Choice of the same color as the sample was rewarded for a perseveration or matching group, and choice of the alternative color for an alternation or nonmatching group. Although any differential increase in associative strength stemming from experience with the sample color would tend to facilitate perseveration and to contravene alternation, the two problems proved to be of equal difficulty, which suggested that the increase in strength was negligible and that the role played by the sample experience was primarily discriminative. Couvillon and Bitterman (1988) had earlier trained honeybees in a conditional color-odor problem in which, for example, a subject was rewarded for choosing a green rather than a blue target when both targets were scented with geraniol, but a blue rather than a green target when both targets were scented with peppermint. Substantially better-than-chance performance in this relatively difficult problem, whether with odor or color as the conditional dimension, could be derived, quantitatively and with considerable precision, from a simple associative theory consisting of two postulates, one dealing with learning and the other with performance (Couvillon & Bitterman, 1991) . The first postulateexpressed by the linear equation of Bush and Mosteller (1951) in the more familiar notation of Rescorla and Wagner (1972) -is that the attractiveness of a target is given by the strength of its association with sucrose, which increases with reinforcement to an asymptotic value determined by the magnitude of reinforcement and decreases to zero with nonreinforcement. The second is that the probability of choosing one of the alternatives is a power function of its relative associative strength. With afferent traces or short-term memories of the sample colors in the conditional role, the theory explains both matching and nonmatching, the distinction between which then effectively disappears.
The same simple theory also explains what Carter and Eckerman (1975) , working with pigeons, called symbolic matching, in which the sample stimuli are different from those presented for choice, and such experiments with honeybees have already been begun (Srinivasan, Zhang, & Zhu, 1998; Zhang, Lehrer, & Srinivasan, 1999) . Unfortunately, however, the results thus far are not sufficiently detailed to permit a formal test of the theory; there is no information on the course of acquisition by the subjects, which were trained as groups, but only pooled proportions of correct choice in subsequent tests. The present experiment, carried out under the rigorous conditions of our earlier ones, was designed to provide the trial-by-trial data for individual subjects that are required for modeling.
Method

Subjects
The subjects were 16 foraging honeybees (Apis mellifera), all of them experimentally naive, from our own hives situated near the laboratory. They were assigned to a simultaneous group and a delay group, each consisting of 8 subjects. The bees in each group were trained individually and sequentially, each in a single session of several hours' duration. 
Apparatus
The training situation, diagramed in Figure 1 , was a resined plywood enclosure, 58 cm wide, 58 cm high, and 56 cm deep, set into a laboratory window. The enclosure, open to the outside, was fitted with a pair of sliding Plexiglas panels through which the experimenter had access from inside the laboratory. Set into the floor of the enclosure was a 17-inch NEC flatscreen video monitor on which stimuli, generated as Microsoft Powerpoint slides, were presented at Positions A, B, and C (center-to-center distances of 15.5 cm from A to B and A to C, and 19 cm from B to C). The stimuli presented for choice at B and C were disks (each 8.1 cm in diameter) of the same two colors used previously-green (R ϭ 0, G ϭ 153, B ϭ 0; or Video Graphic Array [VGA] #2) and violet (R ϭ 153, G ϭ 0, B ϭ 153; VGA # 5). The sample stimuli presented at A were either a yellow (R ϭ 255, G ϭ 255, B ϭ 0; Video Graphic Array [VGA] #14) isosceles triangle (base ϭ 9.5 cm, height ϭ 8 cm) patterned with 15 black dots (each 0.75 cm in diameter) or a white (R ϭ 153, G ϭ 153, B ϭ 153; VGA # 7) square (7.5 cm) patterned with five equally spaced black vertical stripes (each 0.3 cm wide). (The use of a video monitor for the presentation of stimuli in such experiments was suggested by Brown et al., 1998.) Pretraining A forager was captured in a matchbox on its arrival at a nearby feeding station that provided 10%-15% sucrose solution ad libitum, carried to the laboratory, and set down at a large (100 l) drop of 50% sucrose solution centered on an 8.1-cm disk, half green and half violet, presented at Position A. The bee was marked with a spot of colored lacquer as it fed to repletion, after which it returned to the hive to deposit the sucrose. Normally, the bee would come back to the laboratory several minutes later, continuing thereafter to shuttle between the hive and the training situation as long as sucrose was provided there. If it did not come back after its first placement, it was carried again to the training situation from the feeding station, where it usually could be found. When the bee did come back of its own accord, the striped square that was to serve as one of the samples was projected at A with a large drop of 50% sucrose solution, from which the subject again fed to repletion. On its second return, the bee found the dotted triangle at A and fed to repletion once more.
Training
Arriving from the hive on each of 24 training visits (beginning with its third return), the bee found one of the two sample targets at Position A-the triangle on half the trials and the square on the rest, in quasirandom sequence. At that time the sample target contained only a small (10 l) drop of the sucrose solution, and as the bee began to take it (ingestion required at least 5 s), the green and violet disks were presented at Positions B and C. On half the trials, green was at B and violet at C, with the opposite arrangement on the remaining trials, in quasirandom sequence. On each trial, one of the colored targets (the "correct" target) contained a large (100 l) drop of 50% sucrose solution at its center, and the other (the "incorrect" target) contained a large drop of water, unacceptable to the bees and indistinguishable from the sucrose solution except by taste. For half the subjects in each group, green was correct when the sample was the triangle and violet when the sample was the square, whereas for the rest the opposite relation was in effect. If a subject went first to the water, contact with which elicited a distinctive withdrawal response, an error was recorded. The bee then was free at once to correct its choice-that is, to go to the correct target-and, when replete, to leave for the hive, deposit the sucrose, and return several minutes later for another trial. The surface of the monitor was cleaned with water between visits. The procedure was the same for the two groups with one exception: For the simultaneous group, the sample remained on for the duration of each trial; for the delay group, the sample was turned off as soon as the bee began to take the sucrose it contained, which meant a delay of at least 5 s between experience of the sample and the subsequent choice.
Results and Discussion
In Figure 2 , the performance of the two groups is plotted in terms of the mean proportion of initially correct choices on each training trial. The mean proportions of correct choices over all 24 trials were .74 for the simultaneous group, t(7) ϭ 5.08, SE ϭ .04, and .67 for the delay group, t(7) ϭ 8.48, SE ϭ .02, both clearly better than chance at the conventional .05 level. With the exception of a bit more trial-to-trial variability in the delay group, it seemed to make no difference, t(14) ϭ 1.32, whether the sample stayed on during each trial or was turned off as soon as the honeybee landed on it and began to take the sucrose provided. If, as has long been conjectured (Opfinger, 1931) , honeybees learn about the visual characteristics of a target primarily on approaching it, we may consider that both groups were effectively delayed. The pooled performance of the two symbolic matching groups (simultaneous and delay) is plotted in Figure 3 , along with a simulation of the performance based on our simple associative theory. The logic of the simulation is exactly that of our earlier simulation of performance in conditional color-odor problems, except that hypothetical short-term memories of two different patterns are substituted for the odors. The values of the several parameters of the two equations used in the simulation are the same as those that have provided fits, not only to the conditional color-odor data, but also to those of a wide range of other choice experiments with honeybees (Couvillon & Bitterman, 1991) .
Potentially challenging to a simple associative interpretation of matching are the results of some recent experiments with honeybees that are claimed to have demonstrated conceptual ability. Giurfa, Zhang, Jenett, Menzel, and Srinivasan (2001) reported the generalization, both of matching and nonmatching, to new stimuli in the same modality as the training stimuli and even in a different modality. For example, they reported better-than-chance performance in tests with two patterns after training with two colors, and in tests with two colors after training with two odors. Acquisition curves (plotted over large blocks of trials) were shown, but only pooled data were presented for hundreds of choices made in various nondifferentially reinforced transfer tests by concurrently tested groups of 6 -8 subjects. Transfer of matching between pairs of visual stimuli by concurrently trained and tested subjects was also claimed by Zhang, Bock, Si, Tautz, and Srinivasan (2005) with equally unsatisfactory documentation. The transfer question surely is important enough to warrant more disciplined consideration than it has yet received. Figure 3 . Symbolic matching performance (pooled performance of the simultaneous and delay groups) compared with a simulation based on a simple associative theory developed to account for performance in conditional color-odor problems (Couvillon & Bitterman, 1991) .
